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As its title suggests, this volume presents an Inventory of Land Use and
Land Use Practices in the U.S. Great Lakes Basin, with emphasis on certain
trends and projections to 1980 (and to 2020 where appropriate). The report,
prepared by the Great Lakes Basin Commission staff, integrates several studies
by contractors and subcontractors. These studies were part of the U.S. Task
B effort for the Great Lakes Pollution from Land Use Activities Reference Group,
International Joint Commission. The Task A report, Management Programs, Research
and Effects of Present Land Use Activities on Water Quality of the Great Lakes,
dated November 1974, preceded the Task B study.
 
The Task B report for the United States part of the Great Lakes Basin is
contained in six volumes:
Volume I -—Great Lakes Basin
Volume II —-Lake Superior basin
Volume III--Lake Michigan basin
Volume IV ——Lake Huron basin
Volume V ——Lake Erie basin
Volume VI ——Lake Ontario Basin
Knowledge of present and future land use and land use practices are impor—
tant as background to evaluating and controlling nonpoint sources of water
pollution. This report describes and quantifies, as appropriate, the Great
Lakes Basin's geology, soils, minerals, climate, surface and ground water,
vegetation, wildlife, and economic and demographic characteristics. It inven—
tories available informationon waste disposal operations, lakeshore and river—
bank erosion, high—density nonsewered residential areas, and recreational land
uses as well as materials application of agricultural chemicals, fertilizers,
lime, animal wastes, and salts on highways. Finally, future trends and projec-
tions are shown for the above categories.
This Great Lakes Basin Summary and each of the five Lake basin volumes have
been reviewed by Joint Task Group B, whose comments were considered before approval
for final report development and submittal to the U.S. Environmental Protection
Agency for meeting contractual terms. This study forms a U.S. contribution to









































































































































































































































































































































































































































































































































































































































































































































Detailed Study Plan, February, 1974
 





































































































































































in sediments, fish, and other aquatic resources.
 
 PURPOSE
Background information on characteristic Basin properties such as land
use and related materials usage, physical fabric, climate, population, and
water quality relationships and providing a foundation for assessment of
trends in land use patterns and practices. Towards these ends the Reference
Group felt that an inventory of land use and land use practices with emphasis
on certain trends and projections to 1980 and 2020 is essential to assist in
developing the planning and management of land to minimize runoff of pollutants
in drainage water.
The objectives of the Task B effort are directed towards the following
activities:
(1) to provide a general land use inventory of the Great Lakes Basin
(2) to provide specific information concerning the nature and location
of defined specialized land use categories in the Great Lakes Basin
(3) to provide information on the physical fabric of the Great Lakes
Basin including soils and their capability, hydrology, geomorphology, climate,
mineral and gas resources, and broad vegetation zones
(4) to provide an inventory of various materials applied to land which
may influence the quality of drainage waters
(5) to provide a consistent and comprehensive set of forecasts for 1980
and 2020 relating to land uses and land use activities based upon socioeconomic,
technological, and political development.
SCOPE OF STUDY
In order to meet the Task B objectives for the U.S. portion of the Great
Lakes, members of Task Group B agreed on studies in five categories: physical
fabric, major land uses, specialized land uses, materials usage, and future trends.
Physical Fabric
The objective of this activity is to provide background information and
data on the physical fabric of the individual Great Lakes Basins, focusing
on the land drainage/water quality relationships, and to provide a detailed
description of the basin in terms of climate, population, and socioeconomic
conditions.
Major Land Uses
The objective of this activity is to gather information about the general—
ized land use patterns in the Great Lakes Basin.
This information is derived
from Computer analysis of multispectral scanner (MSS) data from the LANDSAT - 1
Program (formerly known as the Earth Resources Technology Satellite).
Specialized Land Uses
The objective of this activity is to provide specific information concerning
 the nature and location of specific land use categories in the Great Lakes Basin.
The following specialized land uses comprise this section:
(I) disposal operations, liquid waste, solid waste, dredge spoil and
artificial fills, and deepwell disposal
(2) erosion, lakeshore and riverbank
(3) intensive livestock operations
(A) high-density, nonsewered areas
(5) recreational lands.
Materials Usage
This activity provides an inventory of production and/or usage within the
Great Lakes Basin of certain materials applied to lands with a potential for
reaching the Great Lakes through land drainage. The materials to be inventoried
include pesticides, agricultural manures, chemical fertilizers, agricultural
liming materials, and road salts.
Future Trends
The objective is to identify and assess future trends in major land uses,
specialized land uses, materials usage, and related information which may affect
the drainage of pollutants into the Great Lakes for the target years 1980, 2000,
and 2020.
To make the information more usable, the U.S. Task B Inventory has been
organized into six volumes——this volume summarizing information for the Great
Lakes Basin as a whole, and five other volumes addressing each of the five
individual Lake basins. Figure 1 indicates the area of study for this volume.
The information in the other volumes has been subdivided under individual planning
subareas representing the major drainage basins tributary to each Lake. Basic
information for each planning subarea is presented on a county basis.
GENERAL SUMMARY
The Task B effort is aimed at providing an inventory of various categories
affecting land drainage or pollutional materials to the Great Lakes. In gener-
ating data necessary to complete the inventory, a variety of sources were
utilized, including state agencies, recognized experts in the field, and
published reports and documents, in addition to information contained in the
Task A Reports. Some background information has been compiled as supporting
data for this inventory. This material is available for review at the Great
Lakes Basin Commission in Ann Arbor, Michigan.
Because most of the data collected reflects conditions between 1970 and
1972, it may not reflect exactly the current situation. However, it seems
reasonable to assume that no major changes have occurred in the last four
years to significantly alter the general picture this information attempts to
portray. Ideally a continuous updating of this information would be of sig—
nificant utility to researchers, planners, and those involved with managing
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Physical fabric information considered important to land drainage/water
quality relationships includes geology, soils, minerals, climate, surface and
groundwater, and vegetation and wildlife. Demographic and economic character—
istics were also considered as they relate to the human adaptation and use of
this physical environment.
The U.S. Great Lakes Basin (Figure l) is located in the eastern portion
of the north central United States, with a drainage basin of 461,930 square
kilometers (178,350 square miles). The State of Michigan contains 43 percent
of the total land area in the region. The Basin is underlain almost entirely
by a thick succession of sedimentary rocks. Glacial and alluvial deposits
cover the bedrock, with the thickest deposits occurring in Michigan and locally
in buried bedrock valleys of New York and Wisconsin. Topography is irregular
and varied, including depressions occupied by small lakes or marshes, level to
sloping plains, and low rolling hills or ridges. The soils of the Basin vary
by area and reflect past and present climatic conditions, natural drainage,
vegetative cover, and time interacting with the parent glacial materials.
The mineral industry is important to local and national economies. Occurrence
and production of the mineral resources depend on the geographic distribution
and accessibility of certain formations. Climate of the Basin is continental
to semimaritime, with westerly atmospheric circulation. Ground water is present
throughout the Basin, with the most productive aquifers in western and central
Michigan, northeastern Indiana, and the western part of the Wisconsin area in
the Basin. The Great Lakes represent the largest freshwater storage system in
the world. The chemical and biological characteristics of the system are
undergoing rapid change, particularly in areas of high population concentration.
The majority of people in the Basin are concentrated in port and industrial centers
along the shores of the Great Lakes or near the junctions of major land and
water transportation routes, with northern and inland areas more sparsely
populated. Some Basin statistics appear in Tables 1 and 2.
Major Land Uses
Under contract with the U.S. Environmental Protection Agency,
the












(84,000,000 acres) included within the U.S. portion of the Great Lakes Basin.
Spectrally separable classes related to eight land use categories were
developed.
Tabulations by each of the 191 COunties in the Great Lakes Region
were
made for the eight categories —- Urban; Residential and Commercial/
Industrial, Agriculture;
Row Crops,











The specialized land uses covered in this report are disposal operations,
erosion, intensive livestock operations, high-density nonsewered residential
areas, and recreational lands. These categories are considered to be the more
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Square Kilometers (sq km) = square miles (sq mi ) x 2.59
  
significant nonpoint sources of pollution affecting the water quality of
the Great Lakes.
The categories of specialized land uses vary in numbers and in intensity
of use throughout the Basin. The major forms of pollutional residuals are
nutrients, sediments, and other chemicals. Nutrient generation results from
operations involving liquid, solid, and dredge spoil disposal, as well as the
development of high-density nonsewered housing areas. The largest numbers of
waste disposal sites are found in the more populous Lake Michigan and Lake
Erie basins, with a larger percentage of nonsewered households in the less
populous Lake Superior and Huron basins. Other specialized land use, such as
livestock operations, generate some amounts of nutrients as well, with the
largest number of these operations in the Lake Michigan and Erie basins.
The generation of sediments is due to erosion of lakeshore and riverbanks and
to sheet erosion. While it is primarily a natural ongoing process, in certain
areas measures c0uld be taken to reduce man-induced erosion. The use of
recreation lands in areas of unstable soil can produce significantlocalized
sedimentation. Dredge spoil disposal and artificial fills can affect the
quantity of sediments reaching the lake, both through the initial dredging and
scouring of harbors and channels, and in the disposal operations, particularly
in open lake dumping.
Industrial chemicals result from the leaching of various metals from liquid
and solid waste disposal sites, although certain amounts will also leach from
dredge spoil operations. Finally, recreational land use will involve some
generation of hazardous chemicals due to the application of pesticides to
control weeds and insects in these areas, as well as phenols and oils resulting
from motorized recreational vehicle and boating use.
Materials Usage
The Materials Usage section addresses primarily agriculturaloperations.
However, an additional category, road salts, has been incorporated into the
section to address the influences of road deicing salting practices upon the
water quality of the Great Lakes. Materials usage varies widely throughout the
Basin, depending upon the type of agricultural production in the area and upon
climatic conditions.
The major residuals generated from the various materials used in agricul-
tural operations are nutrients and industrial chemical materials. The gener—
ation of nutrients, primarily nitrogen and phosphorus, results from animal
manures and fertilizer usage. Chemical residual materials are primarily
generated from the use of herbicides, insecticides, and fungicides on crops.
In addition, road deicing salts can generate significant levels of chloride
concentrations in localized ground and surface water areas. Another component,
although relatively modest in magnitude, is the leaching of liming materials
into ground and surface water areas.
 Future Trends
















































































































































THE GREAT LAKES BASIN
The physical setting of the Great Lakes Basin has influenced the cultural
development of the Basin, including the economic activities carried on, the
number of people who live in the Basin, and the distribution of the population.
The most significant single element in this physical setting is the
five Great Lakes, the largest series of freshwater bodies in the world (Table 3).
This unique water feature, coupled with the mineral resources of the Basin and
the agricultural opportunities afforded by the land, has produced a highly
developed industrial and agricultural area, supporting 14 percent of the popu—
lation of the United States in 4 percent of the area, and contributing far
more than its share to the country's economic activity.
The U.S. Great Lakes Basin is located in the eastern portion of the north
central United States along the boundary with Canada between 40°30' and 48°20'
north latitude and 74°30' and 93°10' west longitude. The Basin extends nearly
1450 kilometers (900 miles) from west to east and 845 kilometers (525 miles),
between its horth—south extremes. It contains portions of eight states, including
Minnesota, Wisconsin, Michigan, Indiana, Illinois, Ohio, Pennsylvania, and New
TABLE 3 Great Lakes Surface Area, U.S. and Canada
Area in World Ranking
Square Miles (Freshwater)
Lake Superior 31,700 1
Lake Huron 23,000 4
Lake Michigan 22 , 300 5
Lake Erie 9,910 11
Lake Ontario 7,340 14
TOTAL 94,250
Square Kilometer (sq km) = Square Miles (sq mi) x 2.59
11
   
York. For planning purposes, the
Basin is divided into five major
areas, one for each of the five
Great Lakes. Those counties bor—

















larly, Lake Michigan counties are


























































































































































































































































Area in Each State
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The soils of the Great Lakes Basin reflect past and present climatic
conditions, natural drainage, vegetative cover, and time interacting with
parent glacial material. Almost the entire Basin was glaciated and left
with drift that accumulated to depths up to 335 meters (1,100 feet). Lacus—
trine deposits generally characterize the present lake shoreline areas while
organic soils are common in inland swamp and marsh areas.
The soils of the Basin are best described in terms of areal groups which
reflect soil origin and composition in terms of management practices. In
Minnesota, the Upper Peninsula and northern Lower Peninsula of Michigan, and
the related Wisconsin area, the soils are products of cool, moist forest and
are light—colored, acid, rather infertile, and low in organic matter. They
vary greatly because of differences in parent material. Stones, sands, and
gravels are common, and there are swamps and marshes in which organic soils
have formed. A small amount of good soil in intermixed with the poor.
In the southern part of this area sands with sandy or gravelly subsoils
predominate. Some crops can be grown, but productivity is limited, and the
area is best suited to pine forest. There are some gently sloping to flat
plains on the shores of Lake Superior in all three states which are relatively
smooth, stone—free, usually rich in lime in the subsoil, and thus suitable for
limited farming. Most of the rolling uplands have loamy soils. There are a
few rocky highlands, like the Porcupine Mountains, in the area.
In eastern Wisconsin and southern Michigan nearly all the soils were
formed under forest vegetation and are light in color and low in organic matter
except in areas of poor natural drainage. All of the soils in these two areas
were heavily glaciated. Most of the soils usually are quite acid, with liming
and fertilization with phosphorus and potassium necessary for crop production.
Soil drainage, both internal and surface drainage, is required for efficient
economic operations.
The area of northern Indiana, eastern Illinois, northwestern Ohio, and
extreme southern Michigan has been heavily glaciated. The soils that were
formed (mostly under forest vegetation and generally light in color and low in
organic matter, although there are also extensive areas of dark-colored, poorly
drained soils) developed from various types of glacial material. These differ
considerably in texture. Fine textured soils, such as the Hoytville and
Paulding clays, are extensive in the lake plain area of northwestern Ohio.
Sands and sandy loam soils occur in northwestern Indiana. Most of the soils
in other areas, however, have a friable loam to silt loam surface layer. The
land is mostly level to gently rolling, except on moraines and near the main
streams, where the soils may be rolling to steep. Much of the land was origi-
nally poorly drained; most of it is now in drainage enterprises, but inadequate
drainage is still a problem in many areas. Peat and muck soils are rather
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Fig - 9 — MEAN ANNUAL PRECIPITATION (INCHES) AND ITS COEFFICIENT 0F VARIATION (%). Precipitation increases southeastward from a low of 28 inches in Minnesota to
a high of 52 inches in the Adirondacks of New York state. Other smaller maxima may result from urban effects and topographic control on the leeward side of the Great Lakes, where the
















































































































































































































































production by infiltration through solid waste disposal sites.






































































































water in the Basin.
Surface and subsurface water resources are interconnected and in ample
supply over the entire Great Lakes Basin. These water resources are constantly













































































































































































































































annual flows are low for basins of their drainage areas.
Ground Water
Base flow of regional streams is derived largely from ground water sources.
Nearly half of the Basin's land area is underlain by aquifers that yield over
0.37 million liters per day per square kilometers (0.25 mgd per square mile).
Well yields in the Basin can range upward to as much as 18,925 liters per minute
(5,000 gallons per minute) in these areas. Average annual yield from ground
water systems in the Basin is estimated at 98 billion liters per day (26 bgd).
Ground water is present everywhere throughout the Basin, but in limited
quantities in areas where the bedIOCk is at or near the surface (Figure ll).
The most productive aquifers occur in unconsolidate, well—sorted sand and
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can occur readily. The deposits are most widespread in western and central
Michigan, northeastern Indiana, the western part of the Wisconsin area, and
locally in the remaining areas.
Bedrock aquifers also vary in their productivity throughout the Basin,
but they are more widespread, contixuous, and generally more predictable in
their potential than unconsolidated aquifers. Carbonate (limestone and dolo-
mite) aquifers constitute the most common bedrock aquifers in the Basin. They
occur along the northern and western shore of Lake Michigan, from Illinois to
Cleveland, and along the southern shore of Lake Ontario. The carbonates
are most productive, with well yields as much as 1,000 gpm, where they extrude
or are overlain by unconsolidated deposits. Solution processes have developed
good permeability in these areas. Sandstone aquifers are the next most common
bedrock aquifers. A thick sequence of productive sandstone units (well yields
as much as 1,300 gpm) is present along the western and northern part of the
Lake Michigan basin. Such productive units with well yields as much as 500 gpm
are also present in parts of Michigan and in Ohio, Pennsylvania, and New York.
As aquifers, shale beds are the least productive sedimentary unit. Shales are
abundant in the southern part of the Great Lakes Basin from Indiana to the
Adirondack Mountains.
Chemical quality of ground water in the Basin is generally good but varies
considerably from area to area, depending on the type of aquifer and its depth.
Hardness, iron content, and salinity are the most common problems in developing
a ground water source. Hanito very hard water generally is present in the
carbonate aquifers, in many sandstone aquifers, and in aquifers in unconsolidated
deposits that contain carbonate sediments. Excessive iron is very common where
the recharge source is relatively close or recharge is rapid. Saline, mineral-
ized, or brackish water containing more than 1,000 mg/l of dissolved solids is
present in deep bedrock throughout the Basin. In many areas, highly mineralized
water is present at shallow or relatively shallow depths of 75—200 feet. This
mineralized water has been in contact with the rocks for a long time or has
moved through as easily dissolved rock, such as gypsum, and has accumulated
excessive minerals. Highly mineralized water is seldom present in surficial
unconsolidated sediments, except locally in New York, Pennsylvania, and Michi—
gan. In these situations, the mineralized water usually has migrated upward
from bedrock sources.
The most critical region for highly mineralized water is the Saginaw Bay
area of Michigan, where saline water is present in most bedrock aquifers and
even in much of the unconsolidataisediments. Saline water is present in
relatively shallow (less than 200 feet) bedrock aquifers in the region from
Gary, Indiana, to Oneida Lake, New York. Elsewhere, central Michigan, parts
of upper Michigan, and the western Lake Superior area have saline aquifers at
relatively shallow depths. Most of these areas have freshwater aquifers present



















as a means of determining the ground water potential of the Basin. Ground water




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    
   
  












































































































































































































































































































































































































































































































































































































































































































































































































TABLE 4 Average Levels of the Great Lakes in meters, 1937—1969,
IGLD (1955)7
Superior Michigan—Huron Erie Ontario
at at at at
Period Marquette Harbor Beach Cleveland Oswego
January 183.00 176.01 173.66 74.40
February 182.93 176.01 173.68 74.42
March 182.89 176.02 173.76 74.50
April 182.92 176.09 173.92 74.71
May 183.04 176.19 174.03 74.85
June 183.13 172.26 174.07 74.92
July 183.20 176.32 174.06 74.88
August 183.23 176.30 174.00 74.77
September 183.23 176.25 173.90 74.64
October 183.20 176.19 173.79 74.51
November 183.15 176.13 173.70 74.44
December 183.08 176.08 173.68 74.42







































zooplankton may occasionally equal the diatoms in biomass but not in numbers.




















cent of the phytoplankton.
The chemical and biological characteristics of the Great Lakes system are
undergoing rapid change. The Lakes changing the most are those surrounded by
the greatest concentrations of human population. Significant increases in
the last 40 years in Great Lakes levels of total dissolved solids, largely
phosphates, calcium, sodium, sulfates, and chlorides, particularly in Lakes
Erie and Ontario, are generally considered to correlate with the rapidly
aging aquatic systems.
Quality control problems are becoming serious in areas of high population
concentration like Chicago—Gary, Detroit, Cleveland, and Buffalo. Lake Erie
and southern Lake Michigan are experiencing accelerated eutrophication as a
result of the large quantities of untreated substances enteringthem. The
loss of recreational beaches and fish and wildlife habitat on the Great Lakes
and interior lakes and streams illustrates the intensity of growing pollution
problems. Waste must be controlled at its source and additional research is
required to help answer the many questions posed by the pollution problem. The
projected expansion of power facilities in the Basin raises some concern over
the dissipation of large quantities of heated water. The kinds and quantities
of agricultural substances applied to Basin lands must be carefully scrutinized
30
 in light of their potential effects on water quality.
VEGETATION ZONES AND WILDLIFE HABITAT
 
The natural vegetational pattern of the Great Lakes Region has been
greatly modified. Virgin forest lands are almost nonexistent, and much of
the once—forested land, especially in the southern portions of the Region, has
been replaced by urban, industrial, and agricultural development.
In the areas surrounding Lake Ontario, Lake Erie, southeastern Lake Huron,
and southeastern Lake Michigan, the broadleaf deciduous tree (Figure 13),
including oaks, hickories, yellow poplar, maples, and 50 or more other species,
is the predominant natural vegetation. Southwestern Lake Michigan borders on
the eastern edge of the vast interior prairie grasslands. The western portion
of the Lake Superior region is covered predominantly with stands of pine and
spruce. Between these two major vegetational types (i.e., coniferous on the
northwest side of the Region and hardwoods on the south and east) a transition
zone is found in which there is a mixture of maple, yellow birch, hemlock,
and pine.
Interspersed among these forested lands are bogs. In addition, beach areas
support their own distinctive dunal vegetation, including grasses, cedar,
balsam fir, and spruce.











































































































































































































































































































































































Great Lakes Region Boundaries
    
Subregions
































































































































 furbearers. There are about 63 species of mammals and 300 species of birds
native to the Basin. Game birds include the pheasant, ruffed grouse, geese,
and ducks.
Fish habitat provided by inland streams and lakes, as well as the Great
Lakes, supports a wide variety of cold- and warmwater species for sport fishing
and a limited commercial fishery. Habitat conditions vary over inland lakes and
streams with coldwater species dominating in the northern half of the Basin
and warmwater species most common in the southern portion.
About 173 species in 75 genera and 29 families are represented in the
Great Lakes system. In addition to those which found their way to the Great
Lakes by natural means are 11 species which have been purposely or accidentally
introduced and have established themselves. An additional 7 species were intro-
duced but failed to establish permanent populations.10
Polychlorinated biphenyls (PCBs), which are toxic to a wide range of
animals, including humans, have been found at above—tolerance levels in large
lake trout and salmon in the Great Lakes. The effect of high PCB levels on
fish populations is a source of concern.

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































         








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
 MAJOR LAND USES“)
INTRODUCTION
In 1972 the governments of Canada and the United States upon signing ‘
the Great Lakes Water Quality Agreement requested that the International
Joint Commission (IJC) investigate pollution of the boundary waters of the















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































After the individual counties were outlined, the *GENTAPE processor,
developed during this project, was used to generate separate data sets con-
taining only the data within the county boundaries. These data sets were
used by the analysts for classification of the county.
For some counties, no single LANDSAT frame existed which contained
the entire county. For those counties which overlapped two frames of data
taken on the same day, where one frame was south of the other, the overlap-
ping lines of the two frames could be removed and the desired data con-
nected into one data set. From these data the area to be geometrically
corrected was then selected and the county boundaries delineated as pre—
viously described. If the county overlapped two frames in an east-west
manner or was contained in two north-south frames of different dates, two
separate data sets for the county had to be generated since the data were
collected under different atmospheric conditions and different calibration
parameters. If this were the case, the county was treated as two individ-
ual data sets during the analysis procedure.
Analysis
Prior to analysis the 191 counties were divided into two categories:
(a) those having underflight reference data available and (b) those having
no underflight reference data. Those counties which had sufficient under-
flight data were analyzed and classified from statistics generated within
the county. The statistics were prepared utilizing the underflight data
and other available reference data to obtain informational classes from
the spectral classes. Counties which did not have underflight data were
classified using the statistics generated from an adjoining or nearest
neighbor county. This procedure assumed that training statistics generated
in one county could be extended over a distance of 90 to 100 kilometers
(50-60 miles). However, it was stipulated that the statistics could not be
extended to areas outside the frame of LANDSAT data from which they were
generated.
Analysis Procedure
Computer-implemented pattern recognition techniques, LARSYS Version 3,
were utilized to classify the LANDSAT data into spectrally separable classes
which could be related to informational land use categories. Details.of











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Statistical Reporting Service Reports and other available data
and a determination was made as to the validity of the classifi-
cation.
7) If the classification was accepted as the final version, the
results (classification tape) and the statistics deck used in
the classification were archived. If the classification was
rejected, steps 2-6 were repeated.
8) After the counties with underflight reference data were classi-
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SAMPLE AREA REPORT FORM
Great Lakes Land Use Inventory Project
  
County State






TRANSPORTATION (Only dual lane hwys)








BARREN LANDS (Sand dunes, bare rock)
OTHER
TOTAL ACREAGE (Should be 160)
   
48
 FIGURE 17
SAMPLE AREA REPORT FORM INSTRUCTIONS
Great Lakes Land Use Inventory Project





























































United States and Canada.


























































been selected to help us with this task.

































































































































































































































































































































































































Residential - any area of 3 or more dwellings/acre on at least 3
acres or a minimum of 9 dwellings in each 3 acre tract. However,
strip developments along highways that do not meet these minimum
requirements should still be classified as residential.
Commercial - any area where large buildings are relatively closely
spaced. Also include attendant parking areas or other hard surfaces,
stone driveways, roads, etc. in the commercial class. Area should be
3 acres or more in size. Please indicate the kind of surface material
on large parking lots - such as asphalt, crushed stone, gravel, etc.
Transportation — show location of dual lane highways only.
Extractive - any area of extractive activity (active or abandoned)
that is 3 acres or larger. Such areas as gravel pits, sand pits, clay
pits, rock quarries and borrow pits are examples of this class.
Row Crops - any area of cropland that has cultivated rows of plants
such as corn, soybeans, grain sorghum, etc.
Close Grown Crops - any area of cropland in which the plants are
grown in such a way that it is impossible to mechanically cultivate
between rows. Such crops are oats, wheat, rye, barley, etc.
Pasture and Meadow - any area of more or less perennial grassland
includes permanent pasture, hayland and areas of green manure crops.
Orchards and Vineyards - any area of which the primary use is or-
chard or vineyards.
 
Forest - any area which has at least 40 percent crown cover. This
class includes area of brush that meets the 40 percent crown cover
requirement. It is not necessary that there be merchantable timber
to call it forest. Wboded grazing land that meets the 40 percent
crown cover should be classed as forest.
Water - any area of open water such as lakes, ponds, water filled
pits, creeks, rivers, ditches, canals, etc.
Wetlands - any area of water that has vegetation over 90 percent
of the surface area. Wetlands may dry up during extended dry
spells but generally they are wet enough that they cannot be
farmed. Swamps and marshes are examples of this class.
Barren Lands — any area of sand dunes or bare rock that has only
sparse or no vegetation growing on it.
Other - any area of 3 acres or more that does not fit into one of
the above classes. Please briefly describe this class on the
































































Classification difficulties occurred because of spectral similarities
between (1) residential and forest, (2) residential and pasture/meadow,



















data was developed to provide satisfactory separability. Spectral separa-


















scope of this project.
In addition to these problems, minor difficulties occurred in areas
covered by light scattered clouds. Thin cirrus clouds often were classi-
fied as urban (commercial/industrial) regardless of the ground cover







































neighbor county. The results of this effort indicated that the classifi-
cation performance tended to decrease slightly as the training statistics
were applied to areas other than where they were generated. However, this
decrease was generally not more than 5-10% if the extension of the statis-
tics was limited to 90 to 100 kilometers (50-60 miles). The decrease
occurred regardless of the direction of extension but appeared to be more
pronounced in the N-S than E-W direction. No definite explanation of the
decrease in performance can be given except for the fact that much of the
LANDSAT data were collected in early June and climatic effects may have
been affecting the relative responses in many areas. Also, undoubtedly,
the Great Lakes were influencing the climate and thus the vegetative char-
acteristics of the area.
Since the LARS land use statistics of the pilot counties were judged
to be acceptable, it was concluded that the analysis procedures were ade-
quate to produce the desired results. The results of the pilot study also ‘
indicate that all of the land use categories listed in TablelO were not
spectrally separable in the majority of the data and some of the categories
could not be routinely identifiedbecause of insufficient underflight ref-
erence data. Table 11 lists the categories which could be routinely iden-
tified and inventoried taking into consideration the variability in dates
of data collection and the limited amount of underflight reference data
available.
 TABLE 10
PROPOSED LAND USE CLASSIFICATION CATEGORIES




a. Residential (1) Man-made hard surfaces
less than 10% of area
(low density)
(2) Man-made hard surfaces
10-25% of area (medium
density)
(3) Man-made hard surfaces
over 25% of area (high
density)
b. Commercial and
Industrial (1) Man-made hard surfaces
less than 10% of area
(low density)
(2) Man-made hard surfaces
10-25% of area (medium
density)
(3) Man—made hard surfaces






b. Close grown crops
c. Pastures and meadows
d. Orchards and vineyards
3. Forest




l/The residual inland area not devoted to urban, agricultural or forest use.
52
TABLE 11
FINAL LAND USE CLASSIFICATION CATEGORIES
 













l/The residual inland area not devoted to urban, agricultural or forest use.
Classification Variations
Throughout the project the urban land use category was generally clas-
sified into two Level II classes, i.e., residential and commercial/indus—
trial. Level II transportation and extractive classes as well as the
Level III residential and commercial/industrial classes were not included
in the inventory because they could not be routinely identified due to
insufficient underflight reference data. However, this is not to imply
that transportation routes, extractive areas, and a division of residential
and commercial/industrial areas cannot be identified. With sufficient and
appropriate reference data these categories can be readily identified.
In some counties only the Level I urban categorywas classified with
no distinction being made between the residential and commercial/industrial
categories. The Level II results of these counties are reported only as
residential. In a few predominantly rural counties insufficient under-
flight reference data were available to train properly the computer to
identify any urban class. In these instances only the remaining classes
of agriculture, forestry and no major use were classified. However, the
tabulation of statistics includesan urban/residential category.
The urban statistics used in these tables were taken from the appro-
priate 1967 Conservation Needs Inventory. The areas included in these
artificial classes were subtracted from the forest area of the respective
counties. This is justifiable since most small towns are spectrally sim-





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































shown in Table 12.
TABLE 12










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































leads all planning subareas with 81.6 percent of its land area in agri—



















the remainder of the Basin.
Planning Area 1 (Lake Superior) ranks first in the amount of land in
forests, with 78.4 percent of its land area so used, while it ranks last
in the amount of urban or agricultural lands. Plan Area 4 (Lake Erie)
first in agricultural and urban acres, ranks last in forest area with
22.4 percent of its land area so used.
Detailed statistics are found in Table 13-
SUMMARY AND CONCLUSIONS
Land Use Inventory by Remote Sensing
The expanding human populationand man's insatiable appetite for the










































































The needs of the International Joint Commission and the Environmental




























































preparation of land use inventories of large areas.
This project may have been the first large scale use of computer-
aided analysis of LANDSAT-l MSS data. LANDSAT data from some of the



















amount of cloud-free LANDSAT data for the Great Lakes Watershed. In fact,
for some counties in the Watershed, no cloud-free, good quality MSS data
were available even after twenty cyclesof satellite passes. The project
provided the first opportunity to analyze a large volume of satellite
data using the LARSYS computer software system which had been under

















use inventory goal at the least expenditure possible, the minimum amount




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   


















examined for each county.
It was under these conditions that the project was carried to com-
pletion. In many ways this project stands as a milestone in the develop-
ment and application of remote sensing technology.
Advances in Technology
 
Although no new technological advances became available in the data
acquisition subsystems during the project period, a number of advances
OCCurred in the LARSYS software system. One of the primary objectives
at LARS is to advance the technology of data handling and analysis. Some
of the most recent improvements include the following:
a) Capability to locate, classify and map areas delineated by
irregular boundaries.
b) Capability to overlay multiple sets and sources of data.
c) Development of a technique to extract and classify homogeneous
objects from a given data set.
d) Development of a decision-tree classifier to more efficiently and
accurately classify a data set.
Future Information Systems
Improvements in three areas provide great promise for the future
applications of remote sensing information systems in inventorying and
monitoring earth resources:
a) Man's increasing knowledge and understanding of the multispectral
properties of earth surface features under a broad array of var-
iable situations, including seasons, atmospheric conditions and
geographical setting.
b) Advances in data acquisition subsystems which will provide greater
spatial resolution, more frequent coverage, and a broader range
of multispectral measurements.
c) Improvements in data handling and analysis subsystems which will
offer at less cost per unit of data more timely distribution of
data, instantaneous retrieval of data in mass storage, rapid and
easy overlay of data from different satellite passes and other
sources for the same location, better interactive capabilities
between the analyst and the data, and better classification
results.
Conclusions
Several conclusions may be drawn from this study:






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Eight specialized land use categories are explored in this study.
They
are as follows: (1) liquid waste disposalareas, (2) solid waste disposal
areas, (3) dredge spoil disposal, (4) deepwell disposal, (5) lakeshore and
riverbank erosion, (6) intensive livestock operations, (7) high-density,
nonsewered residential areas, and (8) recreational lands.
These eight categories cover the more significant nonpoint sources of
pollution from land use activities affecting water quality of the Great Lakes.
DISPOSAL OPERATIONS
Four disposal operations have been identified in this section. They are
liquid waste, solid waste, dredge spoil, and deepwell disposal. Liquid waste
disposal sites include sanitary landfills, modified landfills, open dumps, and
disposal sites for construction debris. Dredging is defined as the process of
removing bottom materials from under water and their subsequent disposal. Both
nearshore and open water dumping are important, because lake currents can result
in nearshore contamination from open water dumping. Deepwell disposal operations
involve the injection underground of liquid wastes. Originally used for oil
field brines, in the past 30 years there has been an increasing number of other
types of wastes injected by deepwell disposal.
Liquid Waste Disposal
 
Land disposal of liquid waste has been used for some time as an alternative
method for disposing of municipal and industrial effluents. This is accomplished
by using the soils to filter the wastewaters and sludges applied to it.
Depending on the composition of wastes, site characteristics, and other
factors, land application methods may differ. The four primary tYPES‘Of liquid
waste disposal utilize either lagoon storage, spray irrigation, septic tank
and tile fields, or direct application to the surface of the ground. All four
types of discharge require soils with at least moderate permeability.
Lagoon—
ing of wastes is usually employed where large volumes must be disposed of
and has the limitation that during the storage of wastes in lagoons, odors and
other nuisances can result. Liquid waste can also be used for spray irrigation
in agricultural or Silvicultural operations, a process which provides crop
nutrients.
Where there are moderate amounts of waste to be discharged, septic
tanks, in conjunction with tile fields, are most often utilized.
Impacts on water quality will vary according to site characteristics.











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 16 Average Annual Volume of Dredge Spoil Disposal (1961—1970)6
Polluted Sediments
 
Number Average Annual Dredging Requiring Confinement
of Sites Cu. Meters Cu. Yards Cu. Meters Cu. Yards
Great Lakes Basin 100 6,282,821 8,219,332 4,844,300 6,338,494
Lake Superior 25 798,673 1,044,017 181,215 236,883
Lake Michigan 37 1,133,260 1,481,380 685,790 896,473
Lake Huron 11 393,475 514,683 234,172 306,308
Lake Erie 21 3,679,612 4,815,638 3,488,258 4,565,236
Lake Ontario 6 277,801 363,614 254,865 333,594
partially due to the low costs and simple operation of landfills. Other
acceptable methods of solid waste disposal (i.e., incineration, composting,
shredding) have been used to a lesser extent primarily because of economic
factors. It should bepointed out, however, that the impact of energy short—
ages may decrease the need for dumps and landfills. Use of solid wastes as




Dredging is the process of excavating bottom material from under water and
disposing of it in suitable areas to insure that harbors will have sufficent
width and depth for commercial and recreational boating. This removal includes
the soft sediments and/or the hard bottoms of limestone and compacted clays.
Due to population and industrial development in the Basin, some of the
sediment that is removed bydredging activities has been polluted by munici-
pal, industrial, and agricultural activities. Potential pollutants that are
common to the affected sediments include nitrates, phosphates, organic matter,
pH, alkalinity, cholrides, iron, oil and grease, mercury, lead, and zinc. Fed-
eral legislation concerned with polluted dredge spoil was enacted in 1970 (P.L.
29-611). Section 123 of this law specifically deals with requirements for
confined disposal areas and restrictions on open—lake disposal of polluted
dredge spoil. However, most dredge spoil material excavated in the Basin
continues to be disposed of in open~lake areas. As of July 1974, only 55 of
100 dredging operations were in the confined disposal site program.
In considering the future outlook for dredging activities, it is unlikely
that any major work will be done in the Basin in the near future unless larger
locks are constructed. If this occurs, larger ships will be utilizing the

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































sloughing, or from a combination of these processes. It is a natural
geologic phenomenon by which valley development occurs as a result of
gradual widening. Existing flood plain and land along the valley sides
72



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Great Lakes Basin Commission, supporting information on file, submitted













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































96 12,252 33 11,880 32 12,996 35
37,128 150 98
Plan Area 2.0 1,147,386
26
304
95 180,438 32 164,377 30 209,935 38
554,750 147 96
PSA 3.1
20,784 16 213 66 3,327 33 3,226 32 3,530 35 10,083 103 67
PSA 3.2

















107 103,808 31 105,889 32 122,129 37
331,826 175 114
PSA 4.3


















381 119 13,092 31 15,624 37 13,512 32 42,228 149 97
340 106 20,366 31 24,304 37 21,020 32 65,690 133 87
133 41 3,308 31 3,948 37 3,414 32 10,670 52 34







2,744,528 22 321 , 100 421,300 32 414,033 32 477,513 36 1,312,876 153 100
kilograms - pounds (lbs) X 0.453
kilograms - tons (ton) X 907.2






































































































































































































































































































































































































































































































































































































































































































Lime and Highway De—lcing Compounds
PLANNING AREA; Great Lakes Water Basin Summrys’rAm:
PLANNING SUBAREA: mm; 191 County Totals
oommz. land area, acres (1) 8222th Nunher I-V
Nunber of farms Acres in 1-1! far-
W
Acres in farms 333m; Cmpland I-V













Harvested cropland in farm “13sz I-V
Crop
 
TABLE 2--MANURE FROM WINE
     
Bog & Pig Number Saws Fatmwing
Inventory Dec. l-May 31 June l-Nov. 30
Year Dec. 1 Spring Fall Total
9 4 2160075 263148 218929 5133M
9t 9 25098M+ 225020 22 5881; 150901;
9 2 2552059, 255152 __ 253953 514110
Vet Manure Factor: Tons per litter farrowed 3785970
Vet Manure Defecated: Tons. 1972 19037
Nutrients in Net Manure: Nitrogen, tons 5221; TABLE a.-(;mum) lesm gwwi




mu 3—WURE FROM CA'lTLE
Number Cattle and Calves
     
Cows 5 Heifers Heifers, Steers,
Year Total Calved Bulls, Calves
13615 5359820 2529837 2829983
1369 455855]. 2098536 2460017
1172 4815647 2206015 2609632
Vet Manure Factor: Tons
Per Animal B'lh 6'1‘5
Wet Manure Defecated:
Tone Purchased
Ion, 1972 28987031 16832126
He: Manure Defecatad: Tans. 1972 Combined: 45819157
Nutrients in Wet Manure: Nitrogen, tons 257381




Sheep 6 Horses 5.










Salts: Applied on all highways, tons: Table 9












































includes water areas undu-
50 acres 11: also.
85
  

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































impacts due to its effects on the pH level of water and subsequent effects on
the waters' acid—base relationships. The possibility of precipitating phos-
phorous in the water and altering calcium content is also likely.
A total of 1,323,606 metric tons (1,459,001 tons) of limestone was used
in the Great Lakes Basin in 1972. The average amount of lime used for the
Basin was 31 kilograms per harvested hectare (171 lbs/harvested acre).
The
Lake Superior basin used the greatest amount, 44.5 kilograms per harvested
hectare (243 lbs/harvested acre), with LakeOntario being second. The Lake
Michigan and Erie basins followed_closely with the Lake Huron basin using the
least amount of lime on croplands, 6.2 kilograms per harvested hectare (34
lbs/harvested acre).
Salts
Due to climatic conditions in the Basin, road de—icing salts are required
to keep major roadways clear during the winter. However, the use of salts may
have an impact upon ground and surface water areas. Assuming that chlorides
are conservative and that ion exchange between chlorides and various soil
types are minimal, most of the chlorides will eventually reach ground and sur-
face water areas. Alternative substances have been sought, but none have
proven economically feasible. Methods of conserving the amounts used are also
being implemented.
The 1972—73 application of road salts totaled 1,556,625 metric tons
(1,715,856 tons). The Lake basin using the greatest amount was Lake Erie,
which used more than one and one—half times the Basin average (31.3 kilograms
0r 69.1 lbs per acre of total land area). Lake Ontario basin was second
followed closely by the Lake Michigan, Huron, and Superior basins.
MATERIALS USAGE TRENDS
Agricultural Chemicals
It is projected that total amounts of insecticide used may be no larger
in 10 years than now. Insecticide use may even decrease as much as 5 to 50
87
  






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































those reported in most detail.











linked to crops harvested.
It is acknowledged that where a livestock program
makes use of non-cropland for pasture the manure rates per acre of harvested
crops will correspondingly overstate the intensity of use.
Manure rates shown
here are generally well within the limits of intensity developed by the U.S.
Environmental Protection Agency.
Only one item, road de—icers, is not linked
to harvested crop areas.










Following are the terms and indices that will be used in the discussion
of materials usage:
1. Pounds of chemicals per harvested crop acre. Pounds of herbicides,
insecticides, and fungicides applied per acre of harvested cropland.
2. Chemical use index. This index compares the pounds of chemical used
in a subarea or area with the average use in the ovarall Basin. For
example, 1.21 kilograms (2.66 pounds) of chemicals were used per har—
vested crop acre in the entire Great Lakes Basin. However, in the
89







































































































































































































































































































































































































































































Index of road de-icers used per acre of total land area.









Pounds (1b) Kilograms (kg) 0.454
Acres (acre) Hectares (ha) 0.405
Tons (ton) Kilograms (kg) 907.2














































































Kilograms (kg) = Pounds (1b) x 0.454
Agricultural Chemicals
Nationwide Chemical Usage










States.1 The study showed a total of 376 million kilograms (828 million pounds)
of pesticides used. There were 224 million kilograms (494 million pounds)
classified as herbicides, insecticides, fungicides, or miscellaneous pestic—
ides. The other 152 million kilograms (334 million pounds) were sulfur and
petroleum. Current pesticide reports will include most sulfur and petroleum in
the herbicide, insecticide, and fungicide classes. In addition to the above
pesticides used by farmers as shown in the report, there were about 154 mil—
lion kilograms (339 million pounds) used by the government, industry, and home-
owners. Table 31 shows the amounts and percentages of the various pesticides
used in the production of crops according to this study.
Herbicides are those pesticides used to destroy or inhibit plant growth,
insecticides are those used to control insects, while fungicides are those
pesticides used to control various fungi. The U.S.D.A. Study shows that herb-
icides represented 27 percent, insecticides 21 percent, and fungicides (exclu—

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































I 100 4.50 Guthion, Diazinon, Lannate,
Monitor, Thiodan, BT



















































I 100 18.00 Sevin, Parathion, Lannate,
Thiodan, BT
F 75 8.00 Dithiocarbamates, Thiram/Captan
Onions ' H 100 12.00 CDAA, Chlorpropham, Nitrofen,
Chloroxuron
I 100 6.00 Dasanit, Dyfonate, Diazinon,
Parathion, Malathion
F 75 10.00 Dithiocarbamates, Bravo,_Coppers,
Thiram/Captan
Green peppers H 100 3.00 Trifluralin, Diphenamid
I 100 35.00 Sevin, Dibrom, Systox, Dimethoate,
Diazinon
F 50 10.00 Dithiocarbamates, Coppers,
Thiram/Captan



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Kilograms (kg) = Pounds (lb) x 0.454
Hectares (ha) = Acres x 0.405
Animal Wastes
Information from researchers provided the estimates of the tons of
manure defecated from dairy cows, hogs, steers, and sheep of certain weights
over a fixed time span. Both United States and State census and crop
reporting publications provided information on the number of livestock.
Manure defecation factors were then developed for various classes of livestock
so that the livestock numbers could be directly converted into tons of manure
defecated. After the manure quantities for all kinds of livestock were deter—
mined, the quantities of primary nutrients--nitrogen, phosphorous, and potash-—
in the manure were then derived.
The respective tons of animal manure multiplied by the pounds of each
primary nutrient per ton of manure produced from livestock, divided by 2000,
gives the tons of primary nutrients. This procedure was simplified by using
Table 35.
Commercial Fertilizers
Commercial fertilizer consumption in this study represents all commercial
fertilizer materials or products sold or shipped for farm and nonfarm use as
fertilizer. Materials used in the manufacturing of registered mixes or for
uses other than fertilizer are excluded. The U.S. Department of Agriculture
and the statistical reporting services for each of the eight States publish



















1969 U.S. Census of Agriculture. Fertilizer usage for 1972 was available from
both the U.S. Department of Agriculture and the Tennessee Valley Authority.






































































































































































































































































































pounds (1b) x 0.454
tons (ton) x 907.2











































































































































































































































































































































































































































1972—73, and to obtain the "Tons of Salts Applied Per 'E1 miles of
Highway” figures
for each of these 3 years.
An 'E' mile of highway is
equivalent to a mile of two—lane highway.
The procedure used in Michigan to determine the total salt tons applied
per county was applied
to other counties in the other Basin states and it is
believed that the results do represent to a reasonable degree the level of
salts applied in the Great Lakes Basin.
The index, developed to show the
pounds of road salts used in a planning subarea as compared to the U.S. Great
Lakes Basin as a whole, used the per acre relationship to the total land
area and not the per harvested acre
of cropland.
101
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































b. Pigs per litter calculated from Table 462, Page 315.
c. Table 467, Page 318.
d. Table 465, Page 313.
e. Table 478, Page 324.
Sheep on Feed.
Sheep and Lamb Inventory——Stock Sheep plus
f. Table 477, Page 323.
g. Table 326, Page 326.
h. Table 574, Page 396, and Table 583, Page 405.







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The detailed study plan of February 1974 for the International Ref—
erence Group on Great Lakes Pollution from Land Use Activities (PLUARG)
called for an inventory of land use and land use practices with emphasis
on certain trends and projections to 1980 and, if possible, to 2020. This
section presents what are felt to be the major trends in demographic and
economic activities, land uses, specialized land uses, and materials
usages for the Great Lakes Basin in the near future.
The general purpose of this section is to provide to the PLUARG
effort an indication as to the direction specialized land uses and materials
usage may take in the forthcoming decades. The findings are summarized in
order to provide the background for determining the magnitude of water
quality problems likely to result from these activities in the near future.
In order to provide a general frame of reference to the study, demogra-
phic and economic activities based upon the revised OBERS Series C and
unpublished Series E projections were utilized. These provided what were
felt to be reasonable upper and lower limits within which the population
and economic growth in the Great Lakes Basin will fall within the next
several decades. In so doing, the demographic and economic projections
provide the setting in which subsequent projections of major land uses,
specialized land uses, and materials usages were made. The last portion of
this section summarizes the methodologies used and the rationale underlying
the development of these projections.
SUMMARY AND CONCLUSIONS
The Great Lakes Basin presently contains nearly 15 percent of the
nation's population and represents about 4 percent of the total land area.
As a result, population density is almost 4 times greater than the national
average. Much of this population mass is centered around the Chicago,
Detroit, Milwaukee, and Cleveland metropolitan areas. Industrial product—
ion is also clustered here, and the Basin employs about one—fourth of the
nation's manufacturing work force.
Due to this urban—industrial concentration, both the demographic and
economic trends for the Great Lakes Region relate closely to national trends.
Based on the OBERS Series E population rate, total U.S. population is projected
to increase 46 percent between 1970 and 2020, while that of the Great Lakes
Will increase about 38 percent. In Series C, the United States population
105
    
increase will be 98 percent, while that for the Great Lakes will be 95 percent.
Projected earnings increases will also be below the national average, re—
flecting the assumption that regional per capita income will converge toward
the national average, thus indicating a relative downward movement for the
Great Lakes Region.
In either projection series, changes in specialized land uses and mater—
ials usages are not directly dependent upon economicand demographic trends.
Specialized land use trends depend, in addition, upon available technologies,
land characteristics, and specific economic factors which many times are not
related to the larger regional economy. The economic aspects of current
agricultural practices will determine to a great extent the trends in the types
and levels of materials used throughout the Great Lakes Basin in the next de-
cades.
An important feature of the Great Lakes Basin is its wide diversity of
land forms, land uses, and population concentration. Water quality impacts
in terms of changing economic and demographic activities, land use, special-
ized land usepractices, and materials usage levels canhave moderate to
severe local impacts depending upon local conditions.
DEMOGRAPHIC, ECONOMIC, AND LAND USE CHARACTERISTICS
The categories contained in this section include the resident population
levels, major economic activity sectors (agriculture, mining, construction,
manufacturing,
transportation and public utilities, trade, finance, services,
and government) and major land use activities (urban land, cropland, pasture,
forests, and other lands). The aim is to provide a general picture of what
the future may be for these three categories. While not exhaustive in detail,
these major categories are seen as forming the general background in which
the later discussions of materials usages and specialized land usages take
place.
Population
The Great Lakes Basin has grown fairly rapidly in the past, with the
total population incrasing about 35 percent between 1950 and 1970 (Table 36).
An important factor to consider in regard
to population in the Great Lakes
Basin is the divergence in population distribution.
The Lake Michigan and





















































































































































































The Great Lakes Region generally registers a greater economic share
(earnings by sector or area population) than the United States as a whole
(Table 37). Exceptions are mining and government, where the Great Lakes
Region has a lower economic share. Per capita income is greater than that of
the United States overall, but is less in the Lake Superior and Lake Huron
plan areas. The employment/population ratio for the entire Region, 39 per—
cent, is the same as that for the United States as a whole, but the employment/
population ratio for the Lake Superior and Lake Huron planareas is less than












The major agricultural crops (Table 38) grown in the Great Lakes Basin
in order of rank are: corn for grain, oats, wheat, and soybeans. The major-
ity of the agricultural production is in the Lake Michigan and Lake Erie basins.
Livestock
The Great Lakes Basin makes a rather small contribution to the total
United States livestock production (Table 39). However, portions of the Basin
are important dairy and swine producing areas. Lake Michigan and Lake Erie



















. 4-“... Weinmdgm.‘ «5- "1.1.5. 4 . a; M.
TABLE 37
Population,






































































































































































































































































































a-represents 80.0 to 99.9 percent of the true value
d—-represents 20.0 to 39.9 percent of the true value
b—-represents 60.0 to 79.9 percent of the true value
e-represents

































































































































Clover & Timothy Hay* Ton 3,070 275 767 97 908 1,023

























*Alfalfa hay equivalents (tons).
kilograms (kg) = tons (ton) x 907.2 metric tons = tons (ton) x 0.907
bushels (bu) x 0.352
kilograms (kg) hundred weights (cwt) x 202.5 hectoliters (hl)
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TABLE 39 Livestock Production 19723
Great Lakes Lake Lake Lake Lake Lake
Livestock Basin Superior Michigan Huron Erie Ontario
Swine 2,552,259 5,363 1,343,854 94,410 1,063,596 45,036
Cows & Heifers
Calved 2,200,115 49,500 1,044,751 151,500 491,857 462,507
Heifers, Steers,
Bulls, Calves 2,601,932 58,900 1,409,137 249,900 550,521 333,474
Sheep & Lambs 536,783 5,437 188,177 28,600 254,135 60,434
Horses & Ponies 479,569 10,014 212,129 40,265 148,638 68,523
Chickens 23,648,717 310,900 9,655,948 1,721,300 8,807,844 3,152,725
Turkey Hens 480,090 800 231,420 ——— 234,960 12,910
Turkeys Raised 4,739,460 8,000 2,304,260 -—— 2,298,100 129,100
Land Use
The total land area of the Great Lakes Basin encompassed 33,850,000
hectares (83,580,000 acres). The five Lake basins show great diversity in
land use (Table 40). Urban land as a percent of total land use in the indi—
vidual basins ranges from 3 to 15 percent, cropland use ranges from 4 to 55
percent, and forest lands range from 19 to 90 percent. These variations in
land use tend to reflect the population distribution of the Basin. The more
southern Portions of the Basin with their greater population levels contain
more of the urban land area.
The forested northern portions provide a
favorable asset for tourism and recreational pursuits.
Land use figures in this section are taken from the Great Lakes Basin
Framework Study, Appendix 13, "Land Use and Management", to be consistent with
the trends used, from the same source.
Currently (1970) in the Great Lakes Basin, 64 percent of the cultivated
agricultural lands are in cropland, with row crops and hay and pasture ac-
counting for the major uses.









































































TABLE 40 Present Land Use: 1966—67 Base (Area measured by county boundaries, 1,000 acres)
 
Total 1 Z Z Z i
Land Urban Land Crop Land Pasture Land Forest Land Land
Area Buildup Area Land Area Range Area Land Area Other Arei
Great Lakes Basin 83,579.7 6,987.7 8.4 28,609.0 34.3 3,505.8 4.0 39,624.5 47.4 4,852.5 5.8
Lake Superior 15,915.3 422.3 3 692.9 4 165.3 1 14,264.5 90 370.3 2
















Lake Erie 15,678.4 2,421.3 5 8,550.7 55 715.4 5 3,022.4 19 968.6 6
Lake Ontario 11,271.7 667.7 6 3,448.1 30 861 8 5,632.6 50 662.3 6
In terms of crops grown, the major harvested acreage is used for grain
corn, alfalfa hay, and soybeans (Table 42). The Great Lakes Basin produces a
large portion of the total United States dried edible beans, primarily in
the Lake Huron basin. The Lake Michigan basin generally leads the other four
Lake basins in the amount of acreage devoted to each crop, with the exception
of wheat, soybeans, and dried edible beans.
ALTERNATIVE FUTURES
Any specificset of economic, demographic, and land use projections is
subject to considerable conjecture. Therefore, at least two sets of alterna—
tive futures are considered. The projections in this report are based on the
1972 revised OBERS Series C and Series E national economic and demographic
projections. Differences between the two series in figures for population,







































































































































i TABLE 41 Agricultural Acreage Under Cultivation by Categories
E - ' Current Normal Average (1958-1972) (1000 acres)
Great Lakes Lake Lake Lake Lake Lake
Basin Superior Michigan Huron Erie Ontario
. Specialty Crops 1,397.1 9.4 701.1 115 337.3 234.3
i Raw Crops 8,951.1 3.4 3,721.3 983.7 3,785.7 457
Small Grains 3,599.3 46 1,596.9 379.5 1,178.5 398.4
ﬂay & Pasture 6,714.0 333.8 3,078.2 560.9 1,435.1 1,306
Total Cropland 20,661.5 392.6 9,097.5 2,039.1 6,736.6 2,395.7
Idled Cropland 7,947.4 300.3 3,918.6 862 1 1,814 1,052.4
Permanent Pasture 3,505.6 165 1,405.3 358.8 715.5 861
TOTAL 32,112.8 856.2 14,421.4 3,260 9,266.1 4,309.1
hectares (ha) = acres (acre) x 0.405
(3) Earning per worker in the individual industries at the national
level are projected to converge towards the all—industry rate more slowly in
the Series E projections than in the Series C projections.
(4) Income data for 1970 and 1971 and total employment data for 1970
were included in the Series E projections. This additional information was
not available for the Series C projections, and has caused some changes in
certain area projections.
(5) On the basis of the President's 1974 budget message to Congress, a
smaller military establishment has been assumed in Series E.
The differences in population growth between the Series C and Series E
projections lies mainly in the total fertility rates per 1,000 women assumed
to be attained by the year 2005. For Series C the total fertility rates per
1,000 women is assumed to be 2,800 by the year 2005, and for the Series E
projections the assumed fertility rates per 1,000 women are 2,100 for the year
2005. The Series E projections move morequickly towards a near—zero popul—
ation growth level.
Due to the present age structure of the population,
a near—zero population growth is not reached until the middle of the let
century.
While neither projection trend is an accurate picture of the eventual
growth rate in the Great Lakes Basin by the year 2020, the probable growth































































































































































































































































































































































































































































































































































TABLE 43 Projected Population Growth: Great Lakes Basinlw2







Series E 29,409,220 31,913,900 36,745,700 40,615,500
Lake Superior basin
Series C 535,542 590,000 717,800 884,800
Series E 535,542 531,500 528,200 532,200
Lake Michigan basin 13,551,843 15,592,600 20,145,900 25,762,200
Series C 13,551,843 14,709,300 16,862,500 18,630,000
Series E
Lake Huron basin
Series C 1,239,877 1,456,900 1,952,300 2,557,800
Series E V 1,239,877 1,390,900 1,678,500 1,891,800
Lake Erie basin
Series C 11,547,714 13,424,200 17,548,400 22,577,400
Series E 11,547,714 12,442,500 14,262,300 15,679,100
Lake Ontario basin
Series C 2,534,244 3,011,668 4,150,609 5,622,759
Series E 2,534,244 2,839,700 3,414,200 3,882,400
There will be some differences in the growth rates of the individual
Lake basins. The Lake Superior basin will grow the least in both projections
declining slightly in Series E and increasing 65 percent in Series C. The
Lake Huron basin is projected to grow most——between 53 and 87 percent by
2020 for Series E and C respectively.
Economic Trends
Per capita income levels are about the same in both projections (Tables
44,45). The per capita income level for the Great Lakes Region will remain
slightly above that of the United States as a whole, but will decline slightly
towards the United States average. The relationship of income to the national
average is in part dependent upon productivity and overall economic growth,
as well as per capita consumption and demand.
Although total employment figures differ in the two projections based
upon population level expectations, the employment to population ratio shows
only slight differences. The Series C projections forecast the employment to
population ratio increasing slowly from the 1970 level of 39 percent to 42




















































































f 1970 f 1900 f 2000 f 2020
































































































































































































































































Apparel 6 other fabric product! : - 588,000 836,900 1,196,300
lumber product. 6 furniture : - 967,500 1,676,000 2,190,900
Paper and ellled product: : - 1,691,200 2,620,800 6,279,200
Printing and publishing 2 - 2,611,600 6,837,900 8,161,800
Chemicals and allied product! : - 2,675,900 6,773,100 8,396,800
Petroleum refining : —- 665,500 727,200 1,080,800
Primary untele : -- 6,386,900 5,796,900 7,689,600
Iahricated metal: 6 ordnance : - 5,175,000 8,872,800 16,252,600
Hechinery, excluding electricel : - 6,587,700 9,979,800 16,966,600
Electrical machinery 6 suppllel : - 6,993,200 10,136,600 18,637,200
Motor VChicleﬂ 5 GQUiPm¢nt I - 9,717,000 17,055,600 27,800,600
Transportation equip., excl. mtr.: .. 963.300 1.431.200 2,944,300
vehs '
Other manufacturing : -— 5,911,100 10,681,300 17,892,500
Traﬂ8-. 2°"ﬂ- 6 Public utilitiCS 2 5,961,189 8,566,000 15,803,900 27,202,600
wholesale and fttall trnde f 16,785,601 7 20,821,800 36,567,500 60,179,288
Finance, insurance 6 real citate : 3,909,791 6,553,900 16,029,600 26,209,700
SerV1¢¢$ f 12,379,967 21,956,600 51,267,000 102,635,700
Government . : 11,222,068 17,396,100 37,550,300 71,655,100
Pederel government : 1,926,828 2,806,200 5,710,900 11,272,800
State and local government : 8,663,999 13,950,600 30,813,100 58,518,800
Armed forces V : 653,032 636,600 1,026,500 1,662,000
*Employmeut is for 1960.
aorepreeenta 80.0 to 99.9 percent of the true value d-represents 20.0 tn 39.9 percent of the true value
b-represents 60.0 to 79.9 percent of the true value e-represents zero to 19.9 percent of the true value
c-represents 60.0 to 59.9 percent of the true value s-too small to project
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TABLE 45 Population, Employment, Personal Income, and Earnings by Industry;
1970, 1980, 2000 and 2020.




1970 1980 2000 2020
Population, midyear 29,409,179 34,075,368 44,515,009 57,404,959
Per capita income (1967 dollars) 3,777 5,395 9,060 15,186
Per capita income Rel. (0.5.81.00) 1,09 1.13 1.09 1.06
Total employment 11,493,713 13,817,556 18,349,514 23,848,907
Employment/population ratio .39 .42 .42 .42
1,000 (1967 dollars)
Total personal income 111,069,256 178,453,995 397,466,425 871,750,660
Total earnings 90,696,631 143,638,500 311,814,000 670,330,000
Agriculture, forestry & fisheries 1,121,278 1,292,000 1,639,000 2,856,900
Agriculture -— 1,279,500 1,619,000 2,825,400
Forestry and fisheries -- 12,400 19,700 31,300
Mining 139,401 486,100 794,600 1,340,200
Metal -. 217,000 340,400 544,600
Coal - 10,200 14,600 19,900
Crude petroleum & natural gas -- 42,600 54,700 68,600
Nonmetallic, except fuels —- 216,200 384,700 706,800
Contract construction 5,392,933 8,830,000 18,928,300 40,100,810
Manufacturing 35,467,905 54,477,000 106,400,000 210,968,400
Food & kindred products -- 2,729,000 4,229,000 6,742,000
Textile mill products - 194,800 301,000 492,000
Apparel & other fabric products -- 718,700 1,260,500 2,290,000
Lumber products 8 furniture -- 1,151,000 1,971,000 3,490,000
Paper and allied products -— 1,627,000 3,401,000 7,135,000
Printing and publishing —- 2,696,000 5,489,000 11,303,000
Chemicals and allied products -- 2,612,000 5,542,500 11,677,900
Petroleum refining - 429,000 706,100 1,163,900
Primary metals -- 5,160,000 7,970,000 12,414,300
Fabricated metals & ordnance —- 6,063,000 12,529,000 25,775,000
Machinery, excluding electrical -- 8,327,000 16,630,000 33,470,000
Electrical machinery G supplies -- 5,344,000 12,161,900 26,741,000
Motor vehicles 6 equipment - 9,564,000 17,808,000 33,941,300
Transportation equipment, —-
excluding motor vehicles 1,388,100 2,775,600 5,624,000










































































Federal government 1,924,323 " " --
State and local overnment 8 643 999 -- “ “
Armed forces 8 ' ,653:032 761,000 1,274,500 2,129,000
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population ratio is greater in the Series E projections than in the Series C
projections. With respect to earnings by sector (Figure 21), agriculture
accounts for well less than one percent of total earnings in both projections.
Earnings in mining also account for well below one percent of total earnings.
Construction earnings differ slightly in the two projections——about 5.9 percent
of the total in Series C and 5.4 percent in Series E. The manufacturing sector
has the highest percent of total earnings in both projections by 2020——29.8
percent in Series E and 31.5 percent in Series C. The sector comprised of
transportation, communications, and public utilities will contribute 5 to
6 percent of the total earnings in 2020. The projections for the wholesale
and retail trade sectors will vary by four percent by 2020 andwill amount to
13 percent of the total earnings in Series E projections or 17 percent of
























the service sector will be between 19 percent and 23 percent of the total
earnings in 2020. The government sector will have between 16 and 17 percent of
the total earnings by 2020.
The major changes from the 1970 level contained in these projections are
in manufacturing and services. Manufacturing will decline from 39 percent
of the total earnings in 1970 to between 29.8 and 31.5 percent in 2020.
Earnings in the service sector will increase from about 14 percent of the total
to between 19 and 23 percent.
Earnings in the government sector as a percent—
age of the total are projected to increase as well, from 12 percent in 1970
to 16—17 percent in 2020. As can be seen, earnings by sector will be relat—
ively stable throughout the period from 1970 to 2020.
Total earnings will vary greatly by Lake basin (Figure 22).
By 2020,
Lake Michigan and Lake Erie basins will have roughly comparable total earnings,
while earnings in the Lake Superior basin will lie well below those of the other
Lake basins.
The Lake Superior basin also shows the greatest projected in—
crease in earnings and the greatest difference between Series C and Series E
projections.
Agricultural Trends
The agricultural sector of the Great Lakes Region is quite diverse.
The
patterns of agricultural enterprise projected for the future will reflect not
only the Regions's comparative advantage in production, but also its proximity
to large urban markets.
Fruit and commercial vegetable production will remain
important in areas of Wisconsin, Michigan,

























































































































































































































































































Fruits f won 3 1,095 1,332 1,490 1,673
































Improvable pasture* : Ton : 2.455 2,850 3,148
N. Improv. pasture* : Ion 3 194 213 241
*Alfalfa hay equivalents (tons)
** Less than 500 units
kilograms (kg) = tons (ton) X 907.2
metric tons = tons (ton) X 0.907
kilograms (kg) = hundred weight (cwt) X 202.5
hectoliters (h ) = bushels (bu) X 0.352
All crops will increase in production throughout the time period in the
Series C projections. Crops that will decrease throughout the time period
in Series E are wheat, barley, clover, and timothy hay. In addition, rye
production will decline between 2000 and 2020.
The major differences between the two projections are wheat, grain corn,
soybeans, and commercial vegetables. Wheat is projected to more than double
in Series C, but will decline by one-third in the Series E projections. For
the other crops——grain corn, soybeans, and commercial vegetables-—the increase








































































































































































Potatoes CWT 17,987 21,180 28,988 40,404
Fruits Ton 1,104 1,458 2,097 2,996
Comm. Vegetables CWT 46,093 72,380 99,295 137,171
Alfalfa Hay Ton 8,991 9,763 10,084 10,982
Clover & Tim. Hay Ton 3,070 3,385 3,099 3,018
Cropland Pasture * NA 1,446 1,653 2,289
Improved Pasture * -- 1,922 2,212 2,402
Not Improved Pasture * —— 184 207 231
*Alfalfa hay equivalents (tons)
Kilograms (kg) = Tons X 907.2
Metric Ton = Tons x 0.907
Kilograms (kg) = Hundredweight (cwt) x 202.5
Hecto Liter (h ) = Bushels (bu) x 0.352
crease in production 93 percent in Series C and 117 percent in Series E. Soy—
beans will increase between 166 percent in Series C and 254 percent in Series
E. Commercial vegetables show the widest range between projections--a 197
percent increase in Series E and a 324 percent increase in Series E.
Livestock Trends
3 Tables 48 and 49 present the livestock production for eight livestock
1 products from OBERS Series C and E data. For Series C all livestock pro—
‘
duction is projected to increase throughout the time period 1980—2020. In
contrast, Series E projects a decline in production of one—half of the live—
stock varieties--declines are foreseen for lamb, chicken, broilers, and eggs.
In the Series E projections, the increases foreseen for the other types of
livestock are not as great as the increases in Series C.
  
 TABLE 48 Projected Livestock Production 1980, 2000, 2020;2
Series E, Great Lakes Basin, (1,000 units)
Livestock Production Units 1960 1980 2000 2020
Beef and Veal Lb. 1,393,500 l,378,723.4 l,480,777.4 1,588,685.6
Pork Lb. 931,500 904,518.3 l,005,847.9 1,108,847.9
Lamb and Mutton Lb. 54,500 11,938.2 7,517.8 4,775.4
Chicken Lb. 82,400 60,633.6 45,985.9 34,305.2
Broilers Lb. 93,000 32,294.8 20,489.6 14,387.7
Turkeys Lb. 72,200 112,444.6 165,775.0 197,193.1
Eggs Doz. 391,300 341,791.8 313,428.8 278,399.5
Milk Lb. 20,364,800 20,533,399.l 20,886,854.2 20,977,916.9
Kilograms (kg) = Pounds (lb) x 0.454
With the Series C projections, each planning subarea's share of the Great
Lakes total projected output remain constant. The Lake Superior basin has less
than one or two percent of the total production of any of the eight types of
livestock. The majority of the livestock production is in the Lake Michigan
basin. This area leads in the production of every type of livestock and has at
least one—third of the Great Lakes total in each category in 1980. By 2020 it
contains at least 30 percent of the Great Lakes total in each category of live—
stock. Major shifts in production in the Series E projections are an increas—
ing concentration of chickens in the Lake Ontario basin, and an increasing
concentration of broilers in the Lake Michigan basin, which will have over 75
percent of the total broilers by 2020.
Land Use Trends
The projection in both Series C and E is that urban land will increase
and will expand into area now occupied by other land uses (Table 50). The
primary impact in the Basin as a whole will be on cropland and pasture land.
Urban land will expand between 32 and 72 percent between the base year and the
year 2020. Cropland will decrease 5 to 11 percent while pasture land will



















the Series E projections, the greatest increases will be in the Lake Ontario
and the Lake Erie areas.
Another land use that can be of importance in determining water quality










































































over 4 times the land area in 2020 as it does currently.
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TABLE 49 Projected Livestock Production 1980, 2000, 2020;5
Series C, Great Lakes Basin, (1,000 units)
Livestock Production Units 1960 1980 2000 2020
Beef and Veal Lb. 1,393,500 1,888,400 2,649,900 3,722,800
Pork Lb. 931,500 1,277,100 1,762,900 2,446,300
Lamb and Mutton Lb. 54,500 52,800 73,800 103,600
Chicken Lb. 82,400 85,500 117,700 162,900
Broilers Lb. 93,000 85,600 116,800 160,800
Turkeys Lb. 76,200 154,900 212,700 294,100
Eggs D02. 391,300 397,200 546,400 758,700
Milk Lb. 20,364,800 23,345,100 31,973,700 44,130,000
Kilograms (kg) = Pounds (lb) x 0.454
SPECIALIZED LAND USES
The following five categories of specialized land uses——disposal opera—
tions,erosion zones, intensive livestock operations, high—density nonsewered
residential areas, and recreational lands-—are unique in their specific land
drainage aspects which affect water quality. The emphasis in this section is
to indicate what relative magnitude of change will be likely to occur in these
land use operations over the next twenty years. Because of the multiplicity
of factors affecting their futures, estimates beyond twenty years entail
great uncertainties. Projections have been based in part on the opinions of
experts in the field as to their expectations of the future near-term trends
concerning these various land uses.
Disposal Operations
Four disposal operations-~liquid waste, solid waste, dredge spoil and
artificial fill, and deepwell disposal operations——form the major methods for
allocating waste to the environment.
Overall, the amount of wastes to be
disposed of will increase in the future in response to population and economic
changes.
As will be seen,
this relationship will vary according to the type
of disposal procedure.
Liquid Waste Disposal
There are a variety of factors which will affect the future trend in
utilizing land for the disposal of liquid effluents, both from municipal and
industrial concerns
(Table 52).









































































































































































































In this sense land treatment systems are generally competitive on a
cost—effectiveness basis to alternative disposal methods.
Secondly, there is a possibility that such systems can be used in
various agriculture and silvicultural operations, enhancing the economic
productivity of these operations. Assuming that agricultural and silvi—
cultural operations will continue to experience high rates of demand,
liquid waste disposal practices may become economically advantageous for
growers to include in their operations. This would enhance the feasibility
of using land treatment practices in the future.
Liquid waste disposal practices, however, are limited by the variety of
public concerns focusing on the perceived incompatibility of such practices
with alternative land useS, especially residential activities. There are
questions concerning the public health, social, and economic impacts that






















Great Lakes Basin, (in acres)
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Stone, Crushed 473 615 841 1,315
Stone, Dimension 3 6 9 17
Zinc-Lead 250 500 500 700
IT
TOTAL 65,441 101,713 190,757 310,637 7:
L
Hectares (ha) = Acres (acre) x 0.405
wards land treatment systems focus primarily on the potential adverse effects




Three factors will affect future trends in solid waste disposal (Table 53).
First, per capita waste generationis unlikely to change significantly except
as it is affected by the amount of disposable goods and materials generated in
economic activities. Second, the number of waste disposal sites is likely
to diminish as more counties convert to larger sanitary landfill operations.
Finally, the amount of wastes disposed into the envirOnment will be affected
to some extent by the amount of materials recycled back into the economy.
The generation of solid wastes will increase in line with projected
population trends. Per capita disposable income will increase with a possible
tendency toward increasing amounts of solid wastes generated per capita.
It is unlikely, however, that during the next 20 years per capita waste gen-
eration will increase significantly beyond current levels.
The number of solid waste disposal sites is likely to decrease over the
next 10 to 15 years.
Small open dump sites are being closed throughout the
Great Lakes Basin.
Counties are forming larger regional waste disposal systems,
‘




With the move towards larger sanitary landfill sites,
the number
i
of disposal sites in the Basin will decrease.
One consequence of this policy,
‘
however,




















































































Eggtals may not add due to rounding
Liters (1) - Gallons (gal) x 3.785
it is important to insure that these larger regional waste disposal sites are
given proper engineering and environmental attention in their design and
maintenance in order to prevent water quality degradation.
The recycling of waste materials is likely to decrease the volume of
waste requiring disposal in the future.
However, recycling so far has mainly
revolved around reusing glass, paper, and metal materials and has not in—
volved recycling of garbage or general refuse, which are the main producers
of leachates. The recycling of reusable materials, therefore, is unlikely to
affect the amount of leachates produced in sanitary landfill sites.
In addition, the closing of open dumps in the Great Lakes Basin in many
instances has not involved completely sealing the abandoned sites. Rather,
the policy has often been to abandon the open dumps with a modicum of cover,
thereby leaving the site to produce leachates which can eventually infiltrate
into ground and surface water areas. It is likely that contamination from
these closed dumps will continue and may even increase as refuse decays. Al—
though over a long time span the amount of leachates produced from closed sites
will decrease as the materials decompose, it is unlikely that such a reduction
in leachates will be achieved within the next 10 to 15 years. Attention to
these problems is needed, perhaps by requiring open dumps to be properly sealed
upon their abandonment to prevent leachate contamination of surface and ground
waters.
Dredge Spoil and Artificial Fill
Future trends in dredge spoil and artificial fill activities are de-
pendent on several factors (Table 54). It is assumed that maintenance dredg-
ing of harbors and channels is likely to continue at present rates. If lar—











































































































































nificant amounts of dredging and would increase the amount of dredge spoil in
certain near—shore areas.
As economic development increases, there will be a further increase in
the percentage of polluted sediments requiring confinement.
Current State policies to limit the amount of artificial fill and to
preserve wetland and marsh areas along the shoreline of the Great Lakes con—
tinue to receive support.
Conversely, the desires of many lakeshore residents in the Basin to
protect their waterfront properties from higher Lake levels will increase
pressures for more small artificial fill zones to prevent beach and shore—
line erosion in residential and recreational areas.
Deepwell Disposal
Future trends in the use of deepwell disposal vary greatly throughout
the Great Lakes Basin. Some Lake basins have no such operations at the pre-
sent time and will have none in the future, while other Lake basins have many
such disposal operations and their number will continue to grow in the future.
Due to unsuitable geologic and climatic conditions in portions of the
Basin, future use of deepwell disposal operations is not likely to occur.
In other portions of the Basin with more favorable natural conditions,
future use of deepwell disposal methods will depend upon the States' atti-












































































































































































































































































































































































































































































































measures will reduce the amount of erosion occurring
in certain critiCal areas.
Lakeshore erosion will gradually decrease by about one percent per year.
In various sensitive shoreline areas, increased recreational development





TABLE 55 Trends in Erosion (in miles) ’
 
1970 1980 1990
Critical Severe Critical Severe Critical Severe
Lakeshore Riverbank Lakeshore Riverbank Lakeshore Riverbank
Great Lakes Basin 347.7 2,312 338.6 2,312 332.5 2,312
Lake Superior 172.5 471 155 471 140 471
Lake Michigan 130.1 799 143.2 799 156.1 799
Lake Huron 8.0 229 7.0 229 6.3 229
Lake Erie 20.3 582 18.3 582 16.5 582
Lake Ontario 16.8 231 15.1 231 13.6 231
 
Kilometers (km) = Miles (mi) x 1.609
Riverbank Erosion
There are several trends affecting the amount of riverbank erosion likely
to occur in the future. With increased development of land in the Great Lakes
Basin, riverbank erosion is more likely if no preventive measures are taken
either in the form of land use regulations or structural meansto curb river—
bank erosion. Rivers and streams will continue their function as transporters
of nutrients and chemical materials if preventive measures are not taken to
reduce the amount of sediments and other materials entering surface and
ground waters.
Because of the costs associated with vegetative control or structural
measures to prevent erosion from occurring, it is unlikely that stream-
bank erosion rates will significantly decrease in the future, except as man—
agement programs may alter land use practices with the intent of preventing
further erosion of streambanks. If such management measures are implemented
and are successful, then one can expect some decrease in streambank erosion.
Otherwise, present erosion rates will remain approximately the same throughout
the next 10 to 15 years.
Intensive Livestock Operations
Over the next 15 years, there will be a trend towards larger and more in—
E
tensive animal feedlots and a continued decrease in small livestock operations
in the Great Lakes Basin.
This trend will result from the increased profit—
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kilograms (kg) - pounds (lb) x 0,454
kilograms (kg) - tons (ton)






Livestock numbers are projected to remain relatively stable in the Great
Lakes Basin and will increase slightly overall. SomeLake basins will have
a slight increase in overall livestock numbers, while others will have a
slight decrease. The amount of manure produced from various livestock types
will remain near current levels, with an overall total increase of about 5
percent by 1990.
However, there are trends toward more intensive livestockoperations,
which will have the effect of increasing the impact of manures in specific
locales. Assuming proper construction and maintenance techniques, the dis—
charge of animal wastes should not adversely affect water quality. Without
preventive measures, it is quite possible that certain reaches of ground and
surface waters can be contaminated via animal wastes. Specifically, large
amounts of nitrogen and phosphorous compounds can be leached into the soils




Commercial fertilizer usage rates are expected to increase moderately in
the Great Lakes Basin - about one percent per year. The greatest increase
will be in nitrogen, with lesser increases in potash, and with phosphorous
tonnage rates remaining about the same or declining slightly. In either
event, there is likely to be a shift towards liquid fertilizers due to their
ease in application.


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































with national agricultural production projections, which were derived from a
product—by—product historical analysis of consumption patterns utilizing spe-
cific sets of assumptions relating to population growth, per capita income,
and foreign trade.
These sets of assumptions are not strictly identical be-
tween the Series C and E economic projections for agriculture.
The revised
Series E estimates differ somewhat in the per capita consumption rates and
export levels, which are believed to reflect recent changes more accurately.
Data concerning land use were based upon OBERS information. Because a
major determinant of the future land resource base of an area is the land
acreage required for urban development and expansion, one of the first tasks
was projecting current and future urban built—up lands. This information was
obtained from the Great Lakes Basin Framework Study. A land requirement per
unit increase in population was calculated from the Great Lakes Basin Frame-
work Study ard adjusted for each planning subarea for each time period. This
factor, in conjunction with the revised population increase, produced a cal-
culation of urban acreage for 1980, 2000, and 2020.
Once urban expansion was estimated, the projected urban land needs were
subtracted from current agricultural land to arrive at the projected agricul—
tural resource base available for production. Based on a projected quantity







This was done in terms of projected yield averages for 17 major crops. Pre—
sent yield estimatesby major crop and by PSA were available in the Great
Lakes Basin Framework Study. Projections of yields were madebased upon the
OBERS Series C and E data. An index of State yield projections was developed
and applied to the current normal yields by PSA. Applying this index to cur—
rent normal yields for each PSA provided new projected yields.
Product projections for each of the 17 crops present in each PSA are
included within the unpublished revised Series E OBERS data. Dividing these
estimates by projected yields gives a revised crop-by—crop estimate of agri—








































































































































to changes over time.,
The wastewater flow projections were based on data in the Great Lakes
Basin Framework Study, Appendix 7,"Water Quality. The figures assume that
major industrial users of water will satisfy their own water needs and will
treat their own wastewaters. Small industrial firms, commerce, residences,
and other categories of municipal activity, are subsumed in the municipal
figures. Municipal figures assume that water intake equals water withdrawal,
while industrial figures are projected using historical waste generation
coefficients by SIC categories.
The per capita generation of solid waste is assumed to be 3.32 pounds
per capita per day in 1974, and the total volume of solid waste to be dis—
posed of will therefore increase. The current trend toward sanitary land—
fills will lead to larger regionally oriented sanitary landfill sites.
Thus, it is expected that the number of solid waste disposal sites will de—





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In projecting the amounts of salts to be utilized in the future,
it was assumed that the amount of salts required is dependent upon the
mileage of roadways in the Great Lakes Basin, which in turn is dependent
upon regional population levels.
The ratios of applied salts to population
were calculated from 1972—1973 information for the planning subareas.
These
were assumed to be constant per capita rates of application and were employed
with the predicted population levels in 1980 and 1990 according to the OBERS
Series C and E projections for each planning subarea. These were then aggre—
gated to the Lake basins and finally to the Great Lakes Basin.
145
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